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METHOD, COMPUTER PROGRAM AND DEVICE 
FOR MONITORING A VACUUM DEVICE 

PRIOR ART 

[0001] The current invention relates to a method for 
monitoring a vacuum device of a pneumatically operated 
servo unit of a motor vehicle in Which an electric suction 
pump exerts vacuum on a vacuum chamber. 

[0002] A method of the type mentioned at the beginning is 
used, for example, to monitor the vacuum device of a brake 
booster. Usually, the vacuum in the vacuum chamber is in 
fact taken from an intake tube of the internal combustion 
engine; in certain cases, it is possible that the existing 
vacuum in the intake tube of the internal combustion engine 
is not suf?cient to produce enough vacuum in the vacuum 
chamber to operate the servo unit. For these cases, an 
electric suction pump is provided, Which can be sWitched on 
in order to correspondingly act on the vacuum chamber. 

[0003] If the suction pump fails or if a leakage occurs in 
the system, this could up till noW only be detected by means 
of additional sensors, Which also detect the pressure, for 
example, in the electric suction pump. Sensors of this kind, 
though, are expensive and are themselves susceptible to 
malfunction. 

[0004] The object of the current invention, therefore, is to 
modify a method of the type mentioned at the beginning 
such that it is possible to monitor the vacuum chamber in a 
reasonably priced, reliable manner. 

[0005] The object is attained by virtue of the fact that 

[0006] a) a starting pressure in the vacuum chamber is 
determined; 

[0007] b) after a predetermined time interval, an ending 
pressure in the vacuum chamber is determined; 

[0008] c) the difference betWeen the ending pressure 
and the starting pressure is calculated and is compared 
to a limit value; 

[0009] d) When this difference falls beloW the limit 
value, a signal is generated. 

ADVANTAGES OF THE INVENTION 

[0010] The method according to the invention determines 
the pressure drop occurring in the vacuum chamber, Which 
is caused by the operation of the electric suction pump. If 
this pressure drop does not achieve a particular value, then 
it can be assumed that a malfunction is occurring either 
inside the electric suction pump or inside the ?uid connec 
tion betWeen the vacuum chamber and the electric suction 
pump, or there is a leak, for example, in the vacuum chamber 
itself. In this instance, a signal is generated, Which can be 
used to initiate suitable measures. The method according to 
the invention consequently permits a monitoring of the 
function of the electric suction pump, the ?uid connection, 
and the vacuum chamber Without requiring an additional 
sensor. This can reduce costs considerably, particularly in 
mass production. 

[0011] Advantageous modi?cations of the method accord 
ing to the invention are disclosed in the dependent claims. 
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[0012] In claim 2, the method is modi?ed such that the 
limit value is determined as a function of the starting 
pressure in the vacuum chamber. This procedure is based on 
the knoWledge that the suction characteristic curve of the 
electric suction pump does not progress in linear fashion, but 
generally progresses in exponential fashion. If the starting 
pressure in the vacuum chamber is already relatively loW, 
then in the given time interval, the electric suction pump can 
only produce less of a pressure drop than is possible With a 
relatively high starting pressure. The modi?cation in claim 
2 takes this into account, Which increases the monitoring 
precision and prevents an unnecessary initiation of corre 
sponding measures. 

[0013] Asimilar aim is sought by the modi?cation accord 
ing to claim 3, according to Which the limit value is 
established as a function of the ambient pressure. This takes 
into account the fact that the pump capacity of the electric 
suction pump is a function of the ambient pressure, Which 
likeWise improves the reliability of the monitoring of the 
vacuum device. 

[0014] With the method disclosed in claim 4, the limit 
value is determined as a function of the difference betWeen 
the ambient pressure and the starting pressure. The differ 
ence betWeen the ambient pressure and the starting pressure 
is a particularly important value for the pump capacity of the 
electric suction pump so that With this modi?cation, the 
monitoring operates in a particularly reliable manner. 

[0015] It is advantageous if, according to claim 5, the 
starting pressure is determined as soon as the suction pump 
is sWitched on. This assures that the calculation of the 
difference betWeen the ending pressure and the starting 
pressure uses a relatively high starting pressure, at Which the 
pump capacity of the electric suction pump is better for the 
above-mentioned reasons so that a better reliability of the 
monitoring is also achieved. 

[0016] Claim 6 discloses a possible use for the signal 
generated, namely the triggering of a control or alarm device 
(eg a Warning lamp). 

[0017] HoWever, there are also conceivable conditions in 
Which the prerequisites for triggering a control or alarm 
device have in fact been ful?lled, but certain circumstances 
have rendered the basis for this triggering unWarranted. 
According to claim 7, the existence of such an unWarranted 
basis Will be assumed if at least one of the folloWing 
conditions is ful?lled: 

[0018] a) the pressure in an intake tube of an internal 
combustion engine, Which intake tube is connected to 
the vacuum chamber, is loWer than the pressure in the 
vacuum chamber; 

[0019] b) the servo unit is actuated; and/or 

[0020] c) the pressure in the vacuum chamber is loWer 
than the minimal possible pressure in the electric 
suction pump plus a threshold value. 

[0021] In claims 8 and 9, the current invention also relates 
to a computer program, Which is suitable for executing the 
method according to one of claims 1 to 7 When it is run on 
a computer. It is particularly preferable if it is stored in a 
memory, in particular a ?ash memory. 

[0022] Claim 10 mentions a device for monitoring a 
vacuum device of a pneumatically operated servo unit of a 
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motor vehicle, With a vacuum chamber that is ?uid-con 
nected to an electric suction pump and can be acted on With 
vacuum. The invention provides that 

[0023] a) it detects a starting pressure in the vacuum 
chamber (22); 

[0024] b) after a certain time interval, it detects an 
ending pressure in the vacuum chamber (22); 

[0025] c) it calculates the difference betWeen the ending 
pressure and the starting pressure and compares this to 
a limit value; and 

[0026] d) When this difference falls beloW the limit 
value, it generates a signal. 

[0027] The embodiment according to claim 11 provides 
that the device includes: 

[0028] a) means for determining the pressure in the 
vacuum chamber; 

[0029] b) means for detecting the beginning of an 
evacuation process; 

[0030] c) a timer, Which determines the time elapsed 
since the beginning of the evacuation process; 

[0031] d) means for storing the starting pressure at the 
beginning of the evacuation process; 

[0032] e) a subtraction circuit, Which calculates the 
difference betWeen the starting pressure and the current 
pressure in the pressure chamber; 

[0033] f) tWo set point generators, one of Which prede 
termines a time interval and the other of Which prede 
termines a minimal value for the difference betWeen the 
starting pressure and the current pressure in the pres 
sure chamber; and 

[0034] g) a comparator, Which generates a signal if the 
difference is less than the minimal value after the 
passage of the time interval. 

[0035] A device of this kind can execute the method 
disclosed in claim 1 With particular ease. 

[0036] According to claim 12, the beginning of an evacu 
ation process is detected by providing a device, Which 
detects a signal edge that represents the response of the 
pump. Adevice of this kind is simple to embody using only 
conventional electronic circuits. 

[0037] Other advantageous modi?cations of the device 
according to the invention are contained in claims 13 to 15. 

DRAWINGS 

[0038] TWo exemplary embodiments of the invention Will 
be explained in detail beloW in conjunction With the accom 
panying draWings. 
[0039] FIG. 1 shoWs a vacuum device of a servo unit and 
a device for monitoring it; 

[0040] FIG. 2 shoWs a process chart of a ?rst exemplary 
embodiment of a method that can be used for monitoring the 
device shoWn in FIG. 1; and 

[0041] FIG. 3 shoWs a process chart of a second exem 
plary embodiment similar to the one in FIG. 2. 
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DESCRIPTION OF THE EXEMPLARY 
EMBODIMENTS 

[0042] In FIG. 1, an internal combustion engine is labeled 
With the reference numeral 10. It is supplied With air (arroW 
40) from an intake line 12 and the exhaust gases are carried 
off by means of an exhaust line 14. The pressure in the intake 
line 12 is measured by a pressure sensor 16, Which uses a 
data line (no reference numeral) to send signals to a set of 
control electronics 18. 

[0043] A vacuum chamber 22 is ?uid-connected to the 
intake tube 12 by means of a suction line 20. BetWeen the 
vacuum chamber 22 and the intake tube 12, a check valve 24 
is provided, Which permits a How only from the vacuum 
chamber 22 to the intake tube 12. 

[0044] BetWeen the vacuum chamber 22 and the check 
valve 24, a branch line 26 leads from the suction line 20 to 
an electric suction pump 28. This pump in turn is controlled 
by the control electronics 18 via a control line (no reference 
numeral). 
[0045] The vacuum chamber 22 is ?uid-connected to a 
brake booster 30, Which represents a servo unit and is 
actuated by a brake pedal 32. The pressure in the vacuum 
chamber 22 is measured by a pressure sensor 34, Which 
sends corresponding signals to the control electronics 18. 

[0046] The air flows and their directions are indicated by 
arroWs 40. The vacuum device, Which is comprised of the 
vacuum chamber 22, the suction line 20, the branch line 26, 
and the electric suction pump 28, is labeled as a Whole With 
the reference numeral 41. 

[0047] Finally, an ambient pressure sensor 36 is also 
provided, Which is likeWise connected by the control elec 
tronics 18 via a signal line (no reference numeral). The 
control electronics 18 include a read only memory (ROM) 
38, in Which a program is stored, Which is used to monitor 
the vacuum device 41 shoWn in FIG. 1. Alternatively, a ?ash 
memory could also be provided. 

[0048] An example for such a program is shoWn in FIG. 
2: 

[0049] The entry into the program is represented by the 
starting block 42. After the starting block, a counter for a 
time interval t is set to 0 (block 44). Then in block 46, a test 
is run as to Whether the electric suction pump 28 is sWitched 
on. If the electric suction pump 28 is sWitched off, the 
program remains in a Wait loop 48. HoWever, if the ansWer 
to the query in block 46 is positive, then in block 50, a 
counter is started, Which counts the passage of time once the 
pump 28 is sWitched on. 

[0050] In addition, the pressure pBKV prevailing in the 
vacuum chamber 22, Which is measured by the pressure 
sensor 34 at the time When the electric suction pump 28 is 
sWitched on, is stored in a memory in block 52. This starting 
pressure is labeled p0. 

[0051] Then in block 54, a query is made as to Whether the 
counter t, Which Was started in block 50 and counts the time 
elapsed since the electric suction pump 28 Was sWitched on, 
has reached or exceeded a limit value tG. The limit value tG 
is provided by a limit value generator 56. If the time interval 
established by the limit value tG has not yet elapsed, then the 
process remains in a Wait loop 58. As soon as the established 
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time tG has elapsed or been exceeded, then in block 60, the 
difference A between the starting pressure p0 and the current 
pressure pBKV in the vacuum chamber 22 is calculated. The 
current pressure pBKV is determined by the pressure sensor 
34. 

[0052] Then in block 62, a query is made as to Whether the 
difference A calculated in block 60 is less than a minimal 
value AG. The minimal value AG is not a set value, but rather 
a variable value, Which is calculated in block 64 as a 
function of the starting pressure p0. It represents the minimal 
pressure that is achieved With an intact suction pump 28. The 
function f(po), Which is used to determine the minimal value 
AG, is selected so that When the starting pressure pO is 
already relatively loW and consequently the electric suction 
pump 28 is no longer operating in the optimal operating 
range, the minimal value AG is smaller than in the opposite 
case. The minimal value AG is stored in a set point memory 
66 that represents a set point generator. 

[0053] If the result of the query in block 62 is positive, this 
means that the pressure drop A in the predetermined time tG 
Was less than the minimal required value AG. Since this 
permits the conclusion to be draWn that there is a malfunc 
tion of the electric suction pump 28 or there is a leakage 
either inside the ?uid connection betWeen the vacuum 
chamber 22 and electric suction pump 28 or a leakage in the 
vacuum chamber itself, a bit is then set, Which in block 68 
causes an alarm signal to be given off. 

[0054] Subsequently, or in the event of a negative query 
result in block 62, the process ends in block 69. From there, 
it is possible to return to the starting block 42 if need be, as 
dictated by events. This return can also be provided on a 
regular basis With a particular cycle frequency. 

[0055] In the process chart shoWn in FIG. 3, blocks Which 
have functions equivalent to the same blocks in FIG. 2 are 
provided With the same reference numerals. The tWo essen 
tial differences in relation FIG. 2 Will noW be discussed: 

[0056] On the one hand, in the exemplary embodiment 
shoWn in FIG. 3, the minimal value AG in block 66 is no 
longer a variable value, but is instead a set value, ie the 
minimal value AG is not adapted to the starting pressure p0. 

[0057] In addition, With a positive query result in block 62, 
an alarm signal is not generated immediately; ?rst, a query 
is made in block 70 as to Whether the actual pressure pBKV 
in the vacuum chamber 22 is loWer than the pressure in the 
intake tube 12, Which is detected by the pressure sensor 16 
and is supplied to the block 70. If the query result in block 
70 is positive, ie the pressure prevailing in the intake tube 
12 is actually loWer than the pressure pBKV prevailing in the 
vacuum chamber 23, then this means that the check valve 24 
opens and the vacuum chamber 22, the suction line 20, the 
branch line 26, and therefore also the electric suction pump 
28 are ?uid-connected to the intake tube 12. This in?uences 
the pressure pBKV in the vacuum chamber 22 so that no 
reliable conclusion can be reached With regard to the inter 
relationship betWeen the operation of the electric suction 
pump 28 and the pressure drop in the vacuum chamber 22. 
Therefore an alarm signal is not triggered in this instance. 

[0058] HoWever, if the pressure pS in the intake tube 12 is 
greater than the pressure pBKV in the vacuum chamber 22, 
then the check valve 24 remains closed and it can be 
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assumed that there is a malfunction inside the vacuum 
device 41. Therefore in this instance, an alarm signal is 
triggered in block 18. 

[0059] In an exemplary embodiment it is not shoWn, in 
block 70, a query is not made as to Whether the pressure 
pBKV in the vacuum chamber 22 is loWer than the pressure pS 
prevailing in the intake tube 12, but rather a query is made 
as to Whether the servo unit, ie the brake booster 30, is 
being actuated by means of the brake pedal 32. This can be 
carried out, for example, by checking Whether or not the 
brake light is illuminated. In addition, in block 70, a query 
can also be made as to Whether the pressure pBKV in the 
vacuum chamber 22 is loWer than the minimal possible 
pressure in the electric suction pump 28 plus a threshold 
value. The minimal possible pressure in the electric suction 
pump 28 in turn is a function of the ambient pressure, Which 
is detected by the sensor 36, and is also a function of the 
properties of electric suction pump 28 itself. 

1. A method for monitoring a vacuum device of a pneu 
matically operated servo unit of a motor vehicle, in Which an 
electric suction pump (28) exerts vacuum on a vacuum 
chamber (22), characteriZed in that 

a) a starting pressure in the vacuum chamber (22) is 
determined; 

b) after a predetermined time interval, an ending pressure 
in the vacuum chamber (22) is determined; 

c) the difference betWeen the ending pressure and the 
starting pressure is calculated and is compared to a 
limit value; 

d) When this difference falls beloW the limit value, a signal 
is generated. 

2. The method according to claim 1, characteriZed in that 
the limit value is determined as a function of the starting 
pressure in the vacuum chamber (22). 

3. The method according to one of claims 1 or 2, char 
acteriZed in that the limit value is determined as a function 
of the ambient pressure. 

4. The method according to claims 2 and 3, characteriZed 
in that the limit value is determined as a function of the 
difference betWeen the ambient pressure and starting pres 
sure. 

5. The method according to one of the preceding claims, 
characteriZed in that the starting pressure is determined as 
soon as the suction pump (28) is sWitched on. 

6. The method according to one of the preceding claims, 
characteriZed in that the signal generated triggers a control 
or alarm device. 

7. The method according to claim 6, characteriZed in that 
the triggering of the control or alarm signal is suppressed if 
at least one of the folloWing conditions is ful?lled: 

a) the pressure in an intake tube (12) of an internal 
combustion engine, Which intake tube is connected to 
the vacuum chamber (22), is loWer than the pressure in 
the vacuum chamber (22); 

b) the servo unit (30) is actuated; and/or 

c) the pressure in the vacuum chamber (22) is loWer than 
the minimal possible pressure in the electric suction 
pump (28) plus a threshold value. 
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8. A computer program, characterized in that it is suitable 
for executing the method according to one of claims 1 to 7 
When it is run on a computer. 

9. The computer program according to claim 8, charac 
teriZed in that it is stored in a memory, in particular a ?ash 
memory. 

10. An apparatus for monitoring a vacuum storage device 
(41) of a pneumatically operated servo unit (30) of a motor 
vehicle, With a vacuum chamber (22), Which is ?uid 
connected to an electric suction pump (28) and can be acted 
upon With a vacuum, characteriZed in that 

a) it detects a starting pressure in the vacuum chamber 

(22); 
b) after a certain time interval, it detects an ending 

pressure in the vacuum chamber (22); 

c) it calculates the difference betWeen the ending pressure 
and the starting pressure and compares this to a limit 
value; and 

d) When this difference falls beloW the limit value, it 
generates a signal. 

11. The apparatus according to claim 10, characteriZed in 
that it includes: 

a) means (34) for determining the pressure in the vacuum 
chamber (22); 

b) means (46) for detecting the beginning of an evacua 
tion process; 

c) a timer (54), Which determines the time elapsed since 
the beginning of the evacuation process; 

d) means (52) for storing the starting pressure at the 
beginning of the evacuation process; 

e) a subtraction circuit (60), Which calculates the differ 
ence betWeen the starting pressure and the current 
pressure in the pressure chamber (22); 

f) tWo set point generators (56, 66), one of Which prede 
termines a time interval and the other of Which prede 
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termines a minimal value for the difference betWeen the 
starting pressure and the current pressure in the pres 
sure chamber (22); and 

g) a comparator (62), Which generates a signal if the 
difference is less than the minimal value after the 
passage of the time interval. 

12. The apparatus according to claim 11, characteriZed in 
that the means (46) for detecting the beginning of an 
evacuation process include a device, Which detects a signal 
edge that represents the response of the pump (28). 

13. The apparatus according to one of claims 10 to 12, 
characteriZed in that it includes a calculation circuit (64), 
Which is connected on the input side to the means for storing 
the starting pressure and/or means for detecting the ambient 
pressure, and in Which a function is processed so that the 
limit value is determined as a function of the starting 
pressure, the ambient pressure, and/or the difference 
betWeen the starting pressure and the ambient pressure. 

14. The apparatus according to one of claims 10 to 13, 
characteriZed in that it has a signal generator (68), Which 
triggers a control and/or alarm signal When the signal is 
generated by the comparator (62). 

15. The apparatus according to claim 14, characteriZed in 
that it includes means (70), Which suppress the generation of 
a control or alarm signal if at least one of the folloWing 
conditions is ful?lled: 

a) the pressure in an intake tube (12) of an internal 
combustion engine (10), Which intake tube is connected 
to the vacuum chamber (22), is loWer than the pressure 
in the vacuum chamber (22); 

b) the servo unit (30) is actuated; and/or 

c) the pressure in the vacuum chamber (22) is loWer than 
the minimal possible pressure in the electric suction 
pump (28) plus a threshold value. 


